INTRODUCTION
There are broad researchs on methodologies for analyzing the inheritance of quantitative traits (Wricke and Weber, 1986; Bernardo, 2002) . However, there are some characters that are controlled by many genes and influenced by the environment, and as their expression takes place in a discreet manner, they are conceptualized as threshold traits (Lynch and Walsh, 1997) . One of the characters that fall in that category is kernel row number on maize ears. This number is always in pairs but there is wide variation. The first research on the genetic control of this character was performed by East (1910) , one of the pioneers of quantitative genetics, where new information about this character was only found after more than 90 years (Ross et al., 2006; Srdic et al., 2007) . Wright (1934a,b) was the first scientist to develop methodologies for the study of threshold characters. He was interested in the inheritance of the number of digits in guinea pigs. The basis of the study of threshold characters is that even phenotypic observations show discontinuity. There is a normal distribution on an underlying scale, and thus, these characters are essentially quantitative, but the thresholds impose a discontinuity in phenotypic expression (Falconer and Mackay, 1995) .
The particularity of this character is evident by the meager amount of research on this topic, with few of them relating to plants (Wright, 1943; Frank and Hallauer, 1997) . Frank and Hallauer (1997) studied the genetic control of twin-ears in maize, which is a threshold trait, but these authors interpreted the segregations obtained using the methodology usually employed for quantitative traits. Considering the number of threshold traits in plants, it is important to check whether you need to use the specific method of Wright (1934a,b) , which is widely used in studies of animal characters in contrast to least mean squares. Therefore, the aim of this study was to obtain information about the inheritance of kernel row number and to verify if the genetic parameters estimated from a multicategory threshold trait, such as kernel row number, vary depending on the method employed.
MATERIAL AND METHODS
Crosses were made between divergent inbreds for kernel row number. The lines Geneze 3 (G3), Argentino IV (A4) and Dente de Cravo (DC) were used for this purpose. The G3 inbred belongs to the Geneze Seed Company and shows more than 20 kernel rows under most environmental conditions. The inbreds A4 and DC are accessions from Embrapa's maize germplasm bank and have ears of less than 10 kernel rows under environmental conditions. The crosses between the inbred to obtain F 1 and F 2 and backcrosses BC 11 and BC 21 were performed at the experimental site of the Federal University of Lavras in August 2008 and Janu-Inheritance of kernel row number ary 2009. The crosses were made between combinations G3 x A4 and G3 x DC.
Two seed populations, F 1 and F 2 , and two backcrosses, BC 11 and BC 21 , were studied at the experimental site of the Federal University of Lavras. The experimental design was a randomized complete block with two replications. The plots of the F 1 generation were a 2 m long, with 10 plants per replicate. The F 2 generation had 10 rows of 2 m, or 100 plants per replicate and the backcrosses were evaluated in plots of 5 rows of 2 m for a total of 50 plants. The spacing used between plants was 20 and 90 cm between rows. Appropriate crop management was carried out in order to provide the best conditions for the plants' development. At physiological maturity, the ears were harvested and husked manually. The number of kernel rows was determined in the harvested ears that showed no failures or pollination problems.
From the data of the averages and average variance within plots, obtained from the analysis of variance, the genetic component means were estimated, in an additive-dominant genetic model without epistasis (m, a and d), where m is the midpoint between the homozygotes, a is the bias of homozygous to the average, and d is deviation of the heterozygous. The estimates were obtained by a weighted least squares estimator, as described by Cruz et al. (2001) . The components of the phenotypic variance, environmental variance (V E ), additive genetic variance (V A ) and dominance genetic variance (V D ), were estimated by iterative weighted least squares as with the component means, but the weighting used was that proposed by Kearsey and Pooni (1996) . We also obtained the narrow sense heritability (h 2 ) and associated errors according to Rangel et al. (2000) .
As this is a threshold trait, the variance components of kernel row number were also estimated by the method proposed by Wright (1934a,b) and detailed by Falconer and Mackay (1995) . By involving more than two thresholds, one gets more than an estimate of the standard deviation of each population. Thus, the phenotypic variance of each population was estimated by the square of the average number of estimated standard deviations of each population. The variance components were obtained algebraically from the expected of the phenotypic variance in the different generations. Table 1 shows that the mean of the F 1 generation was similar to that of the F 2 generation for the character studied, indicating, in principle, that the genes involved should provide additive allelic interaction. Estimates of the variances are consistent with the expected values, since they were higher in the F 2 generation. The frequency distribution of F 2 is shown in Figure 1 . In Figure  1 , one can see large fluctuations, a condition necessary for such a study. The number of rows in the G3 x A4 cross ranged from 12 to 26, while in the G3 x DC cross it ranged from 12 to 28. Table 1 . Number of observations (No.), means (x ̅ ) and variances (σ 2 ) in the crosses evaluated: Geneze 3 (G3) x Argentino IV (A4) and Geneze 3 (G3) x Dente de Cravo (DC).
RESULTS
In both crosses, there was an adjustment in the data of the additive dominant model without epistasis, and the coefficient of determination (R 2 ) of the model was above 0.99 (Table  2) . It can be seen that the component a, which estimates the deviation of homozygotes in relation to the midpoint m between the parents, was greater than zero, which was expected given the magnitude of the difference between the means of parents for the character. Table 3 presents the estimates of variance components obtained by both methods. It appears that although estimates differ in magnitude, the results are similar in terms of interpretation. This occurred in the two crosses. It should be noted that the additive variance was positive and the variance of dominance did not differ from zero for the two methods. Estimates of heritability for this trait were high. Table 2 . Genetic component means (m, a and d), associated errors (SE), coefficient of determination (R 2 ), in the crosses evaluated: Geneze 3 (G3) x Argentino IR (A4) and Geneze 3 (G3) x Dente de Cravo (DC).
Data are reported as means ± SE.
DISCUSSION
The parents used were chosen because they showed a wide variation in the number of rows and were not included in the analysis due to low seed germination, and thus can cause stands' problems. The inbred G3 excels due to spikes with 20 or more rows under most environmental conditions. On the other hand, DC and A4 have less than 12 rows. In this condition, the inclusion of parents, primarily to estimate the environmental effect, would affect the interpretation of the results.
The determination of the number of rows is defined ontogenetically and early. Thus, it was expected that there was no variation for the trait in the F 1 and that the coefficient of genetic determination (h 2 ) was 1.0, since the parents are pure for the trait. One likely cause for this is that, even though ontogenetically determined, there is an environmental influence on trait expression. East (1910) noted this influence of the environment: when the upper ear is lost and there are favorable conditions, the second ear will show two additional kernel rows.
As expected, the F 2 generation and backcrosses varied widely in the number of rows of grain, a necessary condition for such a study (Figure 1) . Analysis of component means showed that the model without epistasis was sufficiently explained by the data obtained ( Table 2) .
Estimates of component means showed that dominance is not important in the expression of the trait. Studying the genetic control of some traits of maize ear using molecular markers, Ross et al. (2006) found 10 QTL that explained more than 50% of the variation in the number of rows, most of these QTL with additive effect. Evaluating other traits of the maize plant, Silva et al. (2004) found additive genetic control for all characters, including kernel row number. Srdic et al. (2007) in a diallel using Hayman's methodology found that the additive effect was more important in the expression of kernel row number.
There was consistency between the results of component means and component variance. This is probably because when you consider one locus, V A is obtained by the expression
2 , where p is the frequency of the favorable allele in the population. In this case, since the allele frequency p = 1/2, the additive variance corresponds to 1/2a 2 . Thus, a in the component mean and V A in the component variance must provide similar information, as occurred. V D corresponds to deviations in the linear regression equation, used to obtain V A . Bernardo (2002) comments that as the least squares procedure tends to minimize the deviations from the line of regression, V D , by definition, is considered to be the smallest possible variation between the genotypic values. Thus, a priori, V A will always be larger than V D in normal conditions. Table 3 . Components of phenotypic variance, obtained by two methods (LSM and the threshold), associated errors (s(m)) and heritability (h²), in the crosses evaluated: Geneze 3 (G3) x Argentino IV (A4) and Geneze 3 (G3) x Dente de Cravo (DC).
Since the middle of the last century, many studies were performed in order to estimate the variance of components for maize ear traits. Hallauer and Miranda Filho (1981) summarized estimates of variance components, where the ratio of variance was 0.1774 for kernel row number, showing partial dominance in trait expression.
The confidence interval of heritability (h 2 ) showed overlap of the estimates, allowing us to infer that the estimates did not differ between crosses. The comparison of estimates of h 2 is difficult due to the unit in which it was measured. In this case, heritability was at the individual level. The average of 18 estimates of h 2 on the level of plot, reported by Hallauer and Miranda Filho (1981) was 57%; it is clear that h 2 values obtained in this study were high, exceeding 60%.
As already noted, the genetic control of kernel row number showed estimates that allow us to infer that this is a polygenic character with predominantly additive allelic interaction. This finding corroborates earlier interpretations (Lynch and Walsh, 1997) . Even with phenotypic expression occurring discontinuously (always in pair numbers), because of the range observed in many classes, there is a good approximation of the observations for a normal distribution. This enables the analysis of its inheritance as a quantitative trait that varies continuously. Thus, both analyses showed discontinuity of phenotypic expression, as the least squares method tended to produce similar results, which can be seen in Table 3 .
It is noteworthy that the estimates by the Wright method (1934a,b) were consistently smaller than the estimates with the least squares method. This "shrinkage" may be the result of the fact that the method assumes a normal distribution and all its derivation is based on the properties of a perfect normal distribution, which does not occur.
Inheritance of kernel row number is due predominantly to additive allelic interactions. The analysis of the genetic control of the kernel row number trait, both by the least squares method and the method proposed by Wright showed similar results in terms of interpretation. This correspondence is due to adjusting the data to normal distribution.
